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Systemic and renal acid-base effects of chronic dietary potassium
depletion in humans. We investigated the chronic renal and systemic
acid-base response of normal men to dietary potassium depletion.
Subjects did not receive mineralocorticoids or other experimental
maneuvers known to independently affect acid-base homeostasis. We
induced potassium depletion without changing the dietary anion content
by substituting neutral sodium phosphate for an equimolar amount of
neutral potassium phosphate, which was given as a supplement to a
constant low-electrolyte synthetic diet. After 15 days of potassium
deprivation, the cumulative deficit of body potassium averaged 4.2
0.5 mEq/kg of body wt, as calculated from the change in urinary
potassium excretion relative to intake. A significant and persisting
increase occurred in plasma bicarbonate concentration (+1.8 0.3
mEq/liter, P <0.001, days 11 to 15 of potassium deprivation) associated
with a significant decrease in blood hydrogen ion concentration (—3.1
0.2 nEq/liter, P < 0.001) without significant change in Pco2 (—0.5 0.6
mm Hg) measured in arterialized venous blood. For any given value of
plasma Pco,, the corresponding value of plasma bicarbonate was
increased above control throughout the period of potassium deprivation
in all subjects. Renal net acid excretion decreased and remained slightly
but significantly below control (—11 2% of control, P < 0.001)
throughout the period. During days 11 to 15, an apparent steady-state
was achieved in which plasma bicarbonate and net acid excretion
remained stable but at increased and decreased levels, respectively,
compared with control levels. Despite constancy of dietary intake of
chloride, urinary chloride excretion transiently decreased (—40 4
mEq/day, P < 0.001, days 2 to 6) and thereafter returned to values
approximately equal to control (—8 4 mEq/day, P < 0.05, days II to
15). A significant increase occurred in mean body weight (+0.7 0.1
kg, P < 0.001) and creatinine clearance (+17 6 ml/min/70 kg, P <
0.01), and a significant decrease occurred in plasma renin activity (1.6
0.4 to 0.2 0.1 ng/ml/hr, P < 0.001) and aldosterone concentration
(14.1 5.2 to 4.1 0.5 ng/dl, P < 0.05). These findings demonstrate
that potassium depletion of moderate severity induced by restriction of
dietary potassium (sodium substitution) can cause and maintain a small
but significant increase in plasma bicarbonate and decrease in blood
acidity in the absence of hypermineralocorticoidism and chloride deple-
tion. The results are consistent with a contribution by both renal and
extrarenal effects of potassium depletion in the pathogenesis of this
acid-base disturbance.
Effets systémique et renal de Ia depletion chronique en potassium chez
l'homme. Nous étudihmes en experimentation chronique Ia rbponse
rénale et les modifications de l'équilibre acide-base d'hommes normal a
Ia déplétion alimentaire en potassium. Sujets ne recurent pas a ladmin-
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istration de minéralo-corticoIdes ou a d'autres manoeuvres expérimen-
tales connues pour affecter independamment l'équilibre acido-basique.
Nous produisimes Ia déplétion en potassium sans changeant de l'apport
alimentaire en anions par le remplacement de phosphate neutre de
potassium par du phosphate neutre de sodium dans le supplement
électrolytique a une alimentation constante, synthetique, pauvre en
electrolytes. Après 15 jours de privation de potassium. les effets
cumulatifs du deficit en potassium étaient de 4,2 0,5 mEq/kg de poids.
cela calculé a partir des modifications de l'excrCtion urinaire par
rapport a l'ingestion. Une augmentation significative et durable de La
concentration de bicarbonate plasmatique a été observée ( A[HCO,],
+1,8 0,3 mEq/litre, P < 0,001 entre des 1 léme et l5èmejours de La
privation de potassium) en méme temps qu'une diminution significative
de Ia concentration sanguine d'ions H (A[H]. —3.1 0,2 nEq/litre. P
< 0,001) sans modification significative de Pco2, (—0.5 0,6 mm Hg)
dans des échantillons de sang veineux artérialisé. Pour une valeur
donnée de Pco, plasmatique, Ia valeur correspondante de bicarbonate
plasmatique était supCrieure a La valeur contrOle pendant toute La
période de privation de potassium chez tous les sujets. L'excrétion
rénale nette d'acide a diminué et est restée legerement mais significa-
tivement au-dessous des valeurs contrôles (— II 2% des contrôles, P
< 0,001) durant Ia période de privation de potassium. Du lleme au
l5ème jour deprivation de potassium un état d'équilibre apparent a etC
rCalisC dans lequel Ia concentration plasmatique de bicarbonate et
l'excrCtion nette d'acide sont resiCes stables mais a des niveaux
respectivement supCrieur et inférieur aux contrôles. Malgré Ia con-
stance de l'ingestion alimentaire de chlore l'excrCtion urinaire de chlore
a CtC transitoirement diminuCe (A Ucj — . —40 4 mEq/jour, P <
0,001, jours 2 a 6) puis est revenue a des valeurs approximativement
Cgales aux contrôles (—8 4 mEq/jour, P < 0,05, jours II a IS). Une
augmentation significative du poids corporel a etC observCe (+0,7 0,1
kg, P < 0,001) et de Ia clearance de Ia crCatinine (+ 17 6 mllmin/70 kg,
P < 0,01), et une diminution significative a etC observCe dans l'activitC
rénine plasmatique (1,6 0.4 a 0,2 0,1 ng/ml/hr, P < 0,001) et Ia
concentration d'aldostCrone (14,1 5,2 a 4,1 0,5 ngIlOO ml, P <
0,05). Ces constatations dCmontrent que Ia depletion de potassium
d'intensitC moyenne déterminCe par La restriction alimentaire en potas-
sium (substitution par le sodium) peut determiner et maintenir une
augmentation faible mais significative de Ia concentration plasmatique
de bicarbonate et une diminution de l'acidité du sang en l'absence
d'hyperminCralocorticisme et de depletion en chlore. Les rCsultats sont
compatibles avec une contribution des effets rCnaux et extrarCnaux de
Ia depICtion en potassium dans Ia pathogenic de cette modification de
I'Cquilibre acido-basique.
Depletion of body potassium results in an increased ability of
the kidney to reabsorb filtered bicarbonate (l—3J and an in-
creased rate of renal production of ammonia (4—7J. These
alterations in renal function have been invoked as pathogenetic
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factors to account for the frequent occurrence of systemic
metabolic alkalosis in a wide spectrum of clinical disorders that
cause potassium depletion. Yet, despite extensive investiga-
tions of the pathophysiology of potassium depletion, it remains
uncertain whether potassium deficiency itself can cause or
sustain metabolic alkalosis in the absence of independent
alkalosis-producing disturbances that are also ordinarily pre-
sent in clinical states of potassium deficiency [5, 8—20]. Such
coexisting alkalosis-producing disturbances include hypermin-
eralocorticoidism [8—13], administration of chloruretic agents
that independently stimulate renal acidification [2 1—23], alkali
salts added to the diet [8—10, 12—14, 17, 24], and administration
of intestinal potassium-binding agents that potentially bind
hydrogen ion and thereby promote fecal excretion of acid [5, 13,
25]. Excluding studies complicated by such independent alkalo-
sis-producing disturbances, potassium depletion in man and dog
produced solely by deprivation of dietary potassium has con-
flictingly been reported to result in no change in plasma
bicarbonate concentration [8, 15, 16], "modest" but statistical-
ly insignificant increases [17], and even slight decreases [5, 18,
19, 26]. Potassium deprivation in the rat has been reported to
result in frank metabolic alkalosis by some investigators [6, 20,
27, 281, but not by all [29—31]; whether the alkalosis is of renal
origin when it occurs has not been determined.
Extensive investigations of the pathogenesis of metabolic
alkalosis by Schwartz and Kassirer et al [32—36] have demon-
strated that in humans and dogs potassium depletion of moder-
ate severity does not prevent correction of metabolic alkalosis
that is induced by depletion of body chloride: Administration of
chloride as the sodium salt without potassium promptly restores
normal systemic acid-base equilibrium despite persistence of
potassium deficits up to 450 mEq in man [33, 35]. The possibili-
ty was considered that in man potassium deficiency more
severe than that most frequently encountered clinically (ex-
ceeding 400 to 500 mEq) might cause and sustain metabolic
alkalosis despite provision of chloride salts [35]. Indirect evi-
dence has been provided in support of this possibility [37],
but there is no reported direct demonstration that potassium
depletion causes metabolic alkalosis in humans under experi-
mental conditions that conclusively exclude the coexistence of
known independent alkalosis-producing factors.
It is possible that in man potassium depletion induced by
deprivation of dietary potassium as the sole experimental
maneuver results in metabolic acidosis instead of alkalosis. This
pathogenetic sequence is precedented in the dog, which devel-
ops sustained metabolic acidosis secondary to a decrease in
renal net acid excretion [19, 26, 38]. The occurrence of renal
acidosis during potassium deprivation in this species appears to
be a consequence of hypoaldosteronism, which results from
hypokalemia-induced suppression of aldosterone secretion and
increased aldosterone metabolic clearance [26]. A similar renal
acidosis-producing effect of potassium deprivation would not be
a surprising finding in man because aldosterone secretion and
excretion in man are suppressed during potassium deprivation
[39—41], and because aldosterone deficiency in man results in
renal acidosis [42].
The present studies were designed to investigate in man
whether a discernible alteration in systemic acid-base equilibri-
um and urinary net acid excretion occurs in response to
potassium depletion induced by deprivation of dietary potassi-
urn without simultaneous experimental maneuvers known to
independently affect acid-base homeostasis.
Methods
The effect of dietary potassium deprivation on plasma and
urine acid-base and electrolyte composition was evaluated in
chronic balance studies carried out in seven normal male
volunteers (ages, 24 to 43 years), Each subject ingested a
constant amount of a synthetic diet supplemented with electro-
lytes, vitamins, and essential trace minerals in amounts that
accord with those recommended by the National Research
Council, National Academy of Sciences [43]. The composition
of the diet per 70kg of body wt per day is as follows': casein.
114 g; L-methionine, 3.4 mmoles; corn oil, Ill g: dextrose, 249
g; sodium chloride, 126 mmoles; magnesium sulfate heptahy-
drate, 16.5 mmoles; calcium monohydrogen phosphate. 28
mmoles; calcium dihydrogen phosphate monohydrate, 3.5
rnmoles; zinc sulfate heptahydrate, 229 mo1es: manganese
sulfate monohydrate, 91 .tmoles; copper sulfate, 32 imoles;
sodium iodide, 1.6 p.moles; chromium chloride hexahydrate,
0.97 .,moles. All subjects ingested the same amount of diet per
kilogram body weight; dietary compliance was prerequisite to
inclusion of studies for analysis. The constant amount of
sodium chloride included in the supplement was 1.8 mmoles/kg
of body wt per day. During the pre-control and control periods
of each study, potassium (1.5 mEq/kg of body wt per day) was
provided as the neutral phosphate salt. Potassium deprivation
was effected by discontinuation of potassium phosphate and
substitution of neutral sodium phosphate in an equimolar
amount. At 24- to 72-hour intervals, fasting 9 AM. arterialized
venous blood samples were obtained from a superficial vein on
the back of the hand that had been heated in a water bath at
440 C for 15 mm [44, 45]. Urine was collected in 24-hour
refrigerated pools in plastic bottles containing mineral oil and
thymol as preservative.
Figure 1 summarizes the experimental protocol. A pre-
control period of 4 to 9 days (average 6 days) was allowed to
obtain steady-state values for plasma and urine acid-base and
electrolyte composition. Control observations were made for 4
to 7 days (average, 6.6 days). The period of potassium depriva-
tion varied from 13 to 21 days in 5 subjects, and from 3 to 5 days
in two additional subjects. To prevent a continuing decline in
plasma potassium concentration after 10 days of potassium
deprivation, we added a small amount of potassium equal to
10% of the control amount to the diet in substitution for an
equal amount of sodium daily thereafter. Control period obser-
vations were compared statistically with those obtained during
days 2 through 6 of potassium deprivation (7 subjects) and days
11 through 15 of potassium deprivation (5 subjects), as indicated
by the brackets in Fig. 1.
The amount of casein administered provides the recommended
dietary allowance for the essential amino acids except for L-methionine.
which was added to meet the recommended allowance. The ingredients
of the diet, including the neutral phosphate salts of potassium or sodium
as required by the experimental protocol. were blended in distilled
water to a final weight of 1500 g and served inS equal portions each day.
Supplemental distilled water for drinking was provided to maintain total
water intake constant at 45 mI/kg of body wt per day. Ferrous sulfate.
325 mg, and a multivitamin tablet (Theragran. Squibb) were also
provided on a daily basis.
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Constant low-electrolyte diet
NaCl, 1.8 mEq/kg body wt
KP, 1.5 mEq K'ikg NaP, 1.5 mEq Na°/kg—1.35 mEq Na°/kg
KP, 0.15 mEq K'/kg
Time, days
Fig. 1. Outline of experimental protocol.
All studies were carried out in the General Clinical Research
Centers at Moffitt and San Francisco General Hospitals, Uni-
versity of California. The studies were approved by the institu-
tional Committee on Human Research, and informed consent
was obtained from each subject. Analytical methods used in
this laboratory have been reported previously in detail [46, 47].
Plasma bicarbonate concentration and carbon dioxide tension
were calculated from the measured values of blood pH (37° C,
Radiometer BMS-3 pH electrode) and plasma total carbon
dioxide (Natelson microgasometer) according to the Hender-
son-Hasselbaich equation (pK' = 6.1; CO2 solubility coefficient
= 0.0301). Urine calcium and magnesium concentrations were
determined by atomic absorption spectrophotometry; phos-
phate and creatinine, by autoanalyzer methods [48, 49]. Values
are expressed as the means SEM. Values of urinary excretion
rate are normalized to 70 kg/body wt unless otherwise specified.
Statistical analyses were carried out by Student's t test for
paired and unpaired variables [501.
Results
The effect of dietary potassium deprivation on plasma potas-
sium concentration and urine potassium excretion is shown in
Fig. 2. A steady-state value was achieved during the control
period prior to potassium deprivation. Mean plasma potassium
concentration was 4.0 0.1 mEq/liter, and mean urine potassi-
um excretion was 89.7 1.4 mEq/day. Both plasma and urine
potassium decreased promptly following initiation of the period
of potassium deprivation. By day 10 of potassium deprivation,
plasma potassium concentration was 3.0 0. 1 mEq/liter, and
urine potassium excretion was 14.1 1.7 mEq/day. During the
last 5 days (days II to IS of potassium deprivation), both
plasma potassium concentration and urine potassium excretion
were stable under the condition of partial replacement of
dietary potassium, which was instituted in an attempt to bal-
ance ongoing urinary potassium excretion and thereby prevent
progressive negative potassium balance. During the 5 days,
urinary potassium excretion averaged 12.0 0.7 mEq/day, and
dietary potassium was 11.5 mEq/day. By day 15, the cumulative
deficit of body potassium calculated from the change in urinary
excretion of potassium in relation to dietary intake was 295
— Control — -i K° deprivation Control f K' Deprivation
Days2—6 Daysll—15
2
0
.0
U)
6
7
Low electrolyte synthetic diet
NaCI, 1.8 mEqlkg
KP, 1.5 mEq/kg NaP, 1.5 mEq/kg —i.35 mEqlkg
'Iii II 11111111111!! I1EI1
—10 —5 0 +5 +10 +15 +20
II I I I I I I I III II
NKP 0.15 mEq/kg
120 120
, 80 Cumulative 80
40 40
0: :0
Time, days
Fig. 2. Effect of dietary potassium deprivation on plasma potassium
concentration and urine potassium excretion in normal subjects (N =
7).
mEq per 70kg of body wt (4.2 mEq/kg); this is to be compared
with a cumulative deficit of 293 mEq per 70 kg of body wt 5 days
previously.
The effect of dietary potassium deprivation on plasma and
urine acid-base composition is shown in Figs. 3 and 4 and Table
I. In the control period, plasma hydrogen ion concentration,
carbon dioxide tension, and bicarbonate concentration were
stable and were within the range of values obtained using
similar techniques in normal young male adult subjects ingest-
ing self-selected whole food diets [45]. Similarly, net acid
excretion during the control period was stable: Mean net acid
excretion was 141 2 mEq/day, and the daily values differed
from the mean by no more than 5 mEq. Urinary net acid
comprised approximately equal parts ammonium and titratable
acid; bicarbonate excretion (<1 mEq/day) was negligible. Dur-
ing the period of potassium deprivation, a significant and
persisting increase occurred in plasma bicarbonate concentra-
tion and a decrease occurred in plasma hydrogen ion concentra-
tion. Mean plasma carbon dioxide tension was not significantly
different from control. Over the observed range of values of
carbon dioxide tension the individual values of plasma bicar-
bonate concentration were increased above control in all sub-
jects (Fig. 5). Net acid excretion decreased and remained below
control throughout. The reduction in net acid excretion was
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accounted for predominantly by a reduction in titratable acid
excretion and to a slight but significant extent to an increase in
bicarbonate excretion. The reduction in titratable acid excre-
tion was accounted for by a significant increase in urine pH and
was unassociated with a significant change in inorganic phos-
phorous excretion (Fig. 4). During days I 1 through 15, an
apparent steady-state was achieved in which net acid and
titratable acid excretion were reduced from control, and urinary
ammonium and bicarbonate excretion and plasma bicarbonate
concentration were significantly increased (Fig. 3. Table l
Table 2 and Fig. 6 summarize the effect of potassium depriva-
tion on plasma and urine electrolyte composition. Urinary
sodium increased but not commensurately with the increase in
dietary sodium substituted for potassium, with the net result
that there occurred an estimated positive sodium balance of 750
203 mEq (P < 0.05, day 15) as calculated from the change in
urinary excretion in relation to intake. Despite constancy of
dietary chloride, urinary excretion of chloride decreased during
the first week of potassium deprivation. Thereafter chloride
excretion returned to values equal to control (Fig. 6). A
persisting increase in plasma chloride concentration occurred in
association with an increase of similar magnitude in plasma
sodium concentration. Body weight, creatinine clearance, and
urinary calcium excretion remained increased from control
throughout the potassium deprivation period (Table 2, Fig. 6).
A sustained reduction in plasma renin activity and urine
aldosterone excretion occurred during potassium deprivation
(Fig. 7). Plasma aldosterone concentration also decreased (14.
5.2 to 4.1 0.5 ng/dl, control vs. days 6—15, P < 0.05).
Discussion
Effect of dietary potassium depletion on renal net acid
excretion. It might be predicted that dietary potassium deple-
tion would result in an increase in net acid excretion, because
potassium depletion has been demonstrated to enhance the
bicarbonate reabsorptive capacity of the proximal tubule [2, 3]
and the production rate of ammonia by the kidney [4—7]. A
primary increase in the rate of bicarbonate reabsorption in the
proximal tubule for a given filtered load of bicarbonate would
diminish the amount of bicarbonate delivered out of the proxi-
mal nephron and thereby diminish bicarbonate buffering of
secreted hydrogen ions in the distal nephron. As a result, urine
pH would be expected to decrease, and the excretion rates of
titratable acid and ammonium to increase as a consequence.
The increase in ammonium excretion that results from the
reduction in urine pH should be amplified by increased renal
Fig. 3. Effect of dietary potassium deprivation on plasma bicarbonate
and hydrogen ion concentration and net acid excretion in normal
subjects. The shaded bars depict the difference in mean daily net acid
excretion from the mean control value.
=0
000
>
0
=
E
0
Time, days
Fig. 4. Effect of dietary potassium deprivation on urine pH, and the
cumulative change in urinary excretion of ammonium, titratable acid,
bicarbonate, net acid, and inorganic phosphorus in normal subjects.
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Table 1. Effects of dietary potassium deprivation on plasma and urine acid-base composition in normal subjects (N =
Plasma Urine
Ha
nEq/liter
PaCOS
mm Hg
HC03
mEqiliter
NAB NH4 TA HC03 P
mEqI24 hr mmoles/24 hr pH
Control
a (N = 7) 40.1
0.2
40.7
0.5
24.4
0.3
141
2
72.3 69.5 0.24 70.3
1.5 0.8 0.9
5.44
b (N = 5) 40.0
0.3
40.9
0.6
24.4
0.3
140
2
71.9 68.3 0.26 68.9
1.9 1.0 0.9
5.49
K deprivation
Days 2—6 386b
0.2
41.0
0.5
25.4
0.4
128b
3
69.3 590b 0.72 73.5
2.1 1.5 2.1
59l
Days 11—15 37.0"
0.3
40.8
0.5
26.4"
0.4
124b
3
82.5' 444b 2.13" 66.8
3.1 1.5 2.5
6.27"
Cumulative change in excretion from control
mEq mmoles
End day (N = 5) 79 +18 —5
a Abbreviations used in this table are Ha and PaCO2, hydrogen ion concentration and carbon dioxide tension, respectively, in arterialized blood;
NAE, net acid excretion; TA, titratable acid; P,, inorganic phosphorus. Values are mean SEM. Control means designated as a are calculated on
the basis of all daily blood or urine collections within the control period on all subjects for purposes of comparison with a similar number of daily
collections during days 2 to 6 of K deprivation. Control means designated as b are calculated in a similar manner on the five subjects in whom the
period of K deprivation was extended for an additional 7 to 9 days; comparisons are made with collections obtained during days 11 to 15 of dietary
K deprivation. Daily urinary excretion rates are normalized to 70 kg of body wt in each subject prior to calculation of mean values for the group.
Mean values were tested for significant difference from control (Student's t test) and are footnoted indicative of significance as follows: b < 0.001;
a < 0.01;" <0.02; < 0.05.
a'
'a
0
.0
Ca
C.,
.0
Co
E
Co0
Fig. 5. Relationship between plasma bicarbonate Concentration and
plasma carbon dioxide tension during the control period (open circles)
and during the period of dietary potassium deprivation (days 9 to 15)
(closed circles). During each period the slope of the linear regression
line relating the two variables was significantly different from zero (P <
0.001), and the two slopes were not significantly different from each
other (covariance analysis). Over the observed range of values of x, the
values of the y intercept of the linear regression line were significantly
greater during the period of potassium deprivation than during the
control period (P < 0.001).
production of ammonia [4—7], thereby further augmenting uri-
nary net acid excretion.
Yet, potassium depletion caused by dietary potassium depri-
vation as the sole experimental maneuver has not been demon-
strated to result in significant increases in net acid excretion in
man or in any other species studied. In both man and dog,
ammonium excretion commonly increases during potassium
deprivation, but because urine pH increases concomitantly,
titratable acid excretion decreases reciprocally [19, 24, 26]. The
increase in urine pH has been inferred to result in part from the
buffer effect of increased ammonia diffusion into urine that
occurs as potassium depletion stimulates renal ammoniagenesis
[5, 51, 52]. But, an increase in urine pH during potassium
deprivation is also consistent with the possibility that renal
hydrogen ion secretion is impaired by potassium depletion [19,
26, 53], and that the character, severity, and nephronal localiza-
tion of the impairment is such as to offset any increase in net
acid excretion resulting from enhanced proximal nephron bicar-
bonate reabsorptive capacity and renal ammoniagenesis. In-
deed, in the dog, net acid excretion decreases in response to
dietary potassium deprivation, and this decrease is sufficient in
magnitude to result in systemic acidosis [19, 26).
The results of the present studies indicate that in normal
human subjects, as in dogs, potassium depletion induced by
dietary potassium deprivation is associated with a significant
reduction in net acid excretion (Table 1, Fig. 3). This reduction
in net acid excretion occurred promptly (by day 2) and was
sustained at an essentially constant level throughout the 15 days
of potassium deprivation. In contradistinction to the findings in
dogs, this renal acid-base response in humans was associated
with a significant increase in plasma bicarbonate concentration
and decrease in blood hydrogen ion concentration. The alter-
ation in plasma acid-base composition occurred gradually dur-
ing the first week of potassium deprivation (transition period);
thereafter the increased plasma bicarbonate concentration and
decreased blood acidity persisted (steady-state period) (Fig. 3).
Interpretation of findings during the transition period. An
increase in plasma bicarbonate concentration and decrease in
blood acidity occurring in association with a reduction in net
30
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Table 2. Effects of dietary potassium deprivation on plasma and urinary electrolyte composition in normal subjects (N =
Plasma Urine
Na K Cl Ca Mg
Ccr
mEqI24 hr mmolesl24 hr mi/mm
Volume
liter/24 hr
Na K Cl
mEq/liter
— ——-
Control
a (N 7) 141 4.0 106 112 89.7 114 3.3 3.5 129 2.16
h (N = 5) 141 4.1 105 116 90.5 119 3.1 3.4 127 2.29
K Deprivation
Days 2 to 6 145k
I
34b 108d
1
141b 299b 42d 34 2.04
Days 11 to 15
End day (N = 5)
145b 29b 108b 176b 120b 43d 3.4 144
Cumulative change in excretion from control
mEq mmoles
+ 15 +2
2.15
liter
—2.46
a Abbreviations used in this table are: Ccr, clearance of creatinine. Values are mean SEM. Control means designated as a are calculated on the
basis of all daily blood or urine collections within the control period on all subjects for purposes of comparison with a similar number of daily
collections during days 2--6 of K deprivation. Control means designated as b are calculated in a similar manner on the five subjects in whom the
period of K deprivation was extended for an additional 7—9 days; comparisons are made with collections obtained during days 11—15 of dietary KC
deprivation. Daily urinary excretion rates are normalized to 70kg of body wt in each subject prior to calculation of mean values for the group. Mean
values were tested for significant difference from control (Student's t test) and are footnoted indicative of significance as follows: b < 0.001;
<0.01;" < 0.02; e < 0.05.
acid excretion is a combination of findings similar to that which
has been described in the transition period following aspiration
of gastric hydrochloric acid, a maneuver that results in bicar-
bonate gain by the extracellular fluid (ECF) compartment
secondary to an extrarenal mechanism of ECF bicarbonate
input [34, 54]. Hence, it is possible that during the transition
period of the present study, the observed alteration in plasma
acid-base composition was due predominantly to an extrarenal
mechanism of bicarbonate gain in the ECF compartment. In
further comparison with the physiologic response to aspiration
of gastric hydrochloric acid, it is reasonable to consider that the
reduction in net acid excretion during the transition period in
the present study occurred in response to the alteration in
plasma acid-base composition. The validity of this reasoning
may be questioned, however, when consideration is given to
the difference in mechanism whereby net bicarbonate gain by
ECF occurs during gastric aspiration versus potassium deple-
tion. With gastric aspiration, external loss of hydrogen ion
occurs, resulting in alkalinization presumably of both extracel-
lular and intracellular fluid compartments. With potassium
depletion, the postulated extrarenal mechanism of ECF bicar-
bonate gain is translocation of hydrogen ion into cells second-
ary to the efflux of cellular potassium that occurs in the
transition period when the deficit of body potassium is develop-
ing2 [59]. Given the potential differences in renal cellular acidity
in these two circumstances, it is not predictable that an increase
in plasma bicarbonate and decrease in blood acidity would
result in a decrease in net acid excretion when ECF bicarbonate
gain is caused by potassium depletion.
Time, days
Fig. 6. Effect of dietary potassium deprivation on urine chloride 2 This postulate is supported by the finding that in nephrectomized
excretion, plasma chloride concentration, and body weight in normal potassium-depleted rats, plasma acid-base composition is normalized in
subjects. The shadedbars depict the difference between the mean value response to infusion of potassium salts [55], and by the finding that
of daily urine chloride excretion and the mean control value, and the intracellular acidity is increased in skeletal muscle of potassium deplet-
solid connected circles depict the cumulative change in urine chloride ed animals [56, 57], although the latter observation has not been
excretion, confirmed by all investigators [58].
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Fig. 7. Effect of dietary potassium deprivation on plasma renin activity(overnight recumbency) and urine aldosterone excretion in normal
subjects.
At least two additional possibilities can explain the reduction
in net acid excretion that occurred during the transition period
of the present study. Potassium depletion may decrease the rate
of production of endogenous fixed acids of metabolism (for
example, sulfuric acid, organic acids), dictating a commensu-
rate decrease in renal net acid excretion that is not necessarily
dependent on a discernible alteration in plasma acid-base
composition. There is precedent for the coupling of commensu-
rate changes in endogenous fixed acid production and renal net
acid excretion occurring without detectable changes in plasma
acid-base composition [60]. The mechanism of this coupling has
not been elucidated. Also potassium depletion may reduce net
acid excretion by inhibiting aldosterone secretion. Large de-
creases in plasma and urine aldosterone concentration occurred
promptly in the present studies as in previous studies of
potassium deprivation in human subjects 139—41]. Normal lev-
els of mineralocorticoid in humans provide a tonic stimulation
of renal acid excretion required to maintain normal plasma acid-
base composition [42, 51]. Hypokalemia-induced reduction of
plasma aldosterone levels may provide an important defense
against the development of a large accumulation of ECF
bicarbonate in potassium deficient states inasmuch as potassi-
um depletion exerts an independent effect to potentiate the
renal acid excretory response to mineralocorticoid hormone
[61].
The results of the present studies do not exclude the possibili-
ty that a renal mechanism may have contributed to or perhaps
predominantly accounted for the increase in plasma bicarbon-
ate concentration and decrease in blood acidity observed during
the transition period. Whatever the mechanism of the reduction
in net acid excretion observed during the transition period, the
resultant magnitude of the reduction might have been limited
owing to enhanced renal bicarbonate reabsorptive capacity and
increased renal ammoniagenesis known to result from potassi-
um depletion [1, 52]. Moreover, it is conceivable that in
addition to imposing such a limitation, the kidney actually
contributed a net increment of bicarbonate gain to the ECF
compartment during the transition period. A net gain of bicar-
bonate to the ECF compartment from the kidney could occur
even though net acid excretion decreased, if the prevailing rate
of net acid excretion during the transition period exceeded the
prevailing net load of hydrogen ion to the ECF compartment
from extrarenal sources. The possibility that the net load of
hydrogen ion from extrarenal sources (for example, endoge-
nous production of fixed acids of metabolism) was reduced by
dietary potassium depletion is further discussed below in con-
sideration of the observations during the steady-state.
Interpretation of findings observed in the steady-slate. Dur-
ing week 2 of the period of potassium deprivation, plasma acid-
base composition and the rate of renal net acid excretion
remained stable, a combination of findings that suggests rees-
tablishment of a steady-state of acid-base balance. The persis-
tence of hyperbicarbonatemia and reduced plasma acidity in
such a steady-state circumstance suggests the continuing opera-
tion of a renal mechanism that enhances renal reabsorption of
filtered bicarbonate. The persisting reduction in renal net acid
excretion in such a circumstance suggests the continuing opera-
tion of an extrarenal mechanism that diminishes the net system-
ic load of hydrogen ions requiring renal excretion. The possibili-
ty cannot be excluded that the inferred reduction in net endoge-
nous acid production, itself, contributes to the persistent
hyperbicarbonatemia, but this possibility seems unlikely con-
sidering that the magnitude of the reduction (IS mEq/day) was
minor in comparison with the absolute value of net acid
excretion in the control period (140 mEq/day). Moreover, it has
been reported that even major alterations in endogenous acid
production, as induced directly by change of dietary protein
content, can result in commensurate alterations in net acid
excretion without perceptible alterations in plasma acid-base
composition [60].
The question arises as to whether the magnitude of the
changes in plasma bicarbonate and blood acidity observed in
the present studies is sufficient to warrant the designation of
metabolic alkalosis. Although the observed changes attained
high levels of statistical significance, the magnitude of the
changes were small, and many of the values for plasma bicar-
bonate concentration during potassium deprivation were within
the broad range of normal values reported for humans [621.
Whatever the magnitude of the increase in plasma bicarbonate
concentration and decrease in blood acidity, the designation of
metabolic alkalosis would be technically correct because there
was a statistically significant increase above control in the
concentration of base in extracellular fluid occurring secondary
to the experimental maneuver [54, 63, 64]. Furthermore, it has
been determined recently that the range of normal values of
plasma bicarbonate and blood hydrogen ion concentration is
considerably more restricted than was formerly held when
consideration is made for the effects of interindividual variation
in steady-state plasma carbon dioxide tension [45]. When this
consideration is made in evaluating plasma acid-base composi-
tion in the present studies, the mean values of plasma bicarbon-
Acid-base effects cfdietarv potassium depletion 409
ate and blood hydrogen ion concentration during potassium
deprivation are outside the range reported for "normal" sub-
jects under steady-state conditions.
The results of the present studies are not necessarily in
conflict with the results of studies by Kassirer and Schwartz
[35] which were interpreted as indicating that moderate degrees
of potassium depletion do not prevent correction of metabolic
alkalosis caused by loss of hydrochloric acid and maintained by
chloride restriction. The studies of Kassirer and Schwartz
resulted in similar degrees of potassium depletion as that
produced in the present study, but were not designed to permit
detection of small alterations in steady-state plasma acid-base
composition from values observed during an appropriate con-
trol period in which the composition of the diet was not different
except for potassium content. The authors were uncertain
whether the acutely normalized plasma acid-base composition
resulting from sodium chloride administration was a steady-
state, and they considered the possibility that a state of meta-
bolic alkalosis might emerge during a longer period of observa-
tion [35].
To the extent that the acid-base disturbance caused by
dietary potassium depletion warrants the designation metabolic
alkalosis, it is a form of "chloride-resistant" alkalosis inasmuch
as dietary chloride intake was sufficiently great to have permit-
ted correction of alkalosis by renal reabsorption of chloride in
exchange for excretion of bicarbonate. Furthermore, the fil-
tered load of chloride was increased during potassium depriva-
tion as evidenced by the finding of significant increases in
plasma chloride concentration and glomerular filtration rate
(creatinine clearance). Indeed, body chloride content may have
been increased inasmuch as during the transition period urinary
chloride excretion decreased in association with an increase in
plasma chloride concentration and body weight. Renal chloride
retention and an associated retention of sodium occurred in the
present study despite the development of hypoaldosteronism. It
is possible that ECF volume expansion associated with sodium
chloride retention served to mitigate the severity of metabolic
alkalosis, since ECF volume expansion results in suppression
of renal bicarbonate reabsorption [1, 3, 65, 66]. Further studies
are required to determine the cause of the increase in renal
chloride reabsorption that occurred during the generation of
metabolic alkalosis. One possibility is the loss of normal
inhibition of chloride reabsorption by prostaglandin E2, a
renomedullary hormone which has been demonstrated to inhibit
chloride reabsorption in the loop of Henle of isolated perfused
rabbit tubules [67], and which is excreted in the urine in reduced
amounts in response to potassium depletion in normal subjects
[41].
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